The HCO 2 The energies of six stationary points on the OHϩCO→HOCO→HϩCO 2 potential energy surface have been calculated using the G3 and CBS-QB3 methods. An analysis combining ab initio and experimental enthalpies yielded ⌬H f 298 K (trans-HOCO)ϭϪ42.9Ϯ1.5 kcal mol Ϫ1 (Ϫ43.8 Ϯ1.4 kcal mol Ϫ1 ) at the G3͑CBS-QB3͒ level of theory. These results confirm the revised HOCO heat of formation derived from photoionization spectroscopy and suggest that the HOCO potential well is 8.8 kcal mol Ϫ1 shallower than previously thought. We discuss the implications of these results for accurate Rice-Ramsperger-Kassel-Marcus modeling or quantum mechanical scattering calculations of the OHϩCO reaction. © 2000 American Institute of Physics.
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The OHϩCO→HOCO→HϩCO 2 reaction has been the subject of extensive experimental [1] [2] [3] [4] [5] [6] and theoretical [7] [8] [9] [10] [11] [12] [13] [14] investigation due to its importance in atmospheric chemistry, in combustion, and as the prototypical complex-forming bimolecular reaction. The crucial role played by the HOCO intermediate in determining the reaction dynamics has been emphasized by crossed molecular beam scattering measurements, 1 femtosecond laser detection of the product evolution, 5, 6 measurements of the differential cross sections for the HϩCO 2 reaction, [15] [16] [17] and the observation of scattering resonances in calculations of the quantum mechanical reaction probability. [9] [10] [11] [12] [13] [14] The wealth of data available for this system has made it a benchmark for the study of four-atom reaction dynamics.
Despite widespread interest in the OHϩCO reaction, the energetics of the HCO 2 potential energy surface remain poorly defined. Figure 1 illustrates that the reaction proceeds from OHϩCO over a negligibly small barrier at TS1, into the potential well containing both cis-and trans-HOCO conformers, then over the TS2 barrier to HϩCO 2 . The experimental enthalpies 18 of the OHϩCO entrance channel and the HϩCO 2 exit channel provide absolute reference points for the characterization of the entire potential surface. Analysis of reaction rate data has produced general agreement that TS2, the ͓H•••OCO͔ transition state, lies 1 -2 kcal mol (trans-HOCO)ϭϪ52.5 kcal mol Ϫ1 derived from photoionization measurements 19 and corroborated by ab initio calculations. 8 However, reanalysis of the threshold region of the photoionization spectra 20, 21 recently led to the conclusion that ⌬H f 298 K (trans-HOCO)уϪ46.5 kcal mol
Ϫ1
, or that the HOCO well depth extends no more than 29.4 kcal mol Ϫ1 below the OHϩCO asymptote. Such a large change in the HOCO well depth has significant consequences for the existing literature on OHϩCO rate calculations since the most sophisticated Rice-Ramsperger-Kassel-Marcus 3, 4 and quantum mechanical scattering calculations [8] [9] [10] 13, 14, 22 employed the 35 kcal mol Ϫ1 well depth. The possibility of significant errors in the energetics of the key stable points of the empirical potential surface 8, 9, 12, 22 suggested that there might be more subtle energetic discrepancies for other regions of the potential. Therefore, we began an ab initio characterization of the full six-dimensional HCO 2 potential energy surface with the goal of determining a chemically accurate potential. Here we report accurate energies for the key stationary points.
The HCO 2 stationary point energies have been calculated using the CBS-QB3 23 Several immediate ramifications for the OHϩCO reaction may be deduced from the revised energetics of the HCO 2 potential. Most important, the conclusions drawn from previous theoretical treatments of the reaction should be considered suspect until the effect of decreasing the HOCO well depth by 9 kcal mol Ϫ1 can be thoroughly investigated. We estimate the effect that the shallower potential well has on the microcanonical rate constant for HOCO dissociation by noting that k(E) depends inversely on the density of states, (E),
Evaluating the density of vibrational states (E v ) 25 at the old and new HOCO well depths
we anticipate that the calculated rate constant for the revised thermochemistry is approximately a factor of 3 larger than the rate constant calculated from the old thermochemistry. 19 The sparser density of states near the HOCO dissociation limit of the shallower potential should increase the importance of reactive scattering resonances to k(E) in this energy region. This conclusion may be tested experimentally by obtaining rovibrational spectra of HOCO in the neighborhood of the dissociation threshold. The HOCO potential well determined by the present study requires only three quanta of the OH stretching vibration (E v ϳ30 kcal mol Ϫ1 ) to exceed the dissociation barriers into both the OHϩCO and the threshold and may possibly dissociate via quantum tunneling. Clearly, a great deal remains to be learned about this well-studied system. This work has been supported by Haverford College, the Camille and Henry Dreyfus Foundation Faculty Start-up Grant Program for Undergraduate Institutions, and the Pittsburgh Supercomputer Center ͑CHE-980011P͒.
